Searching PAJ 



Page 1 of 2 



# 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 2002-369505 
(43)Date of publication of application : 20.12.2002 



(51)IntCI. 



H02M 3/155 



(21) Application number : 2001-171913 

(22) Date of filing : 07.06.2001 



(71) Applicant 

(72) Inventor : 



HITACHI LTD 

KANOUDA TAMAHIKO 
ONDA KENICHI 
TOKUNAGA KIICHI 
SAGA RYOHEI 
HOSOKAWA KYOIGHI 



(54) DC-DC CONVERTER AND CONTROL METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a low-ripple voltage DC-DC 
converter, that is constituted to quickly change its output voltage, 
regardless of the load by providing a bidirectional power converting 
means between input power and a smoothing capacitor. 
SOLUTION: This non-insulated step-down DC-DC converter is 
provided with a main circuit, constituted of at least two 
semiconductor elements, a DC reactor, and the smoothing 
capacitor. This converter is also provided with a means which 
generates a reference voltage of different set values, a means 
which outputs error information by comparing the reference voltage 
generated by means of the reference voltage generating means 
with the output voltage of the converter, and a means which 
generates signals impressed upon the control terminals of the 
semiconductor elements, based on the error information. In 
addition, this converter is also provided with a means which 
identifies the direction of the current flowing to the DC reactor. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The DC-DC converter characterized by having a power conversion means to perform power 
conversion bidirectional between DC power supply, the 1st charge storage means for carrying out smooth [ of 
the output ], and said DC power supply and said 1st charge storage means in the DC-DC converter which 
carries out smooth [ of the input from DC power supply ], and supplies the set-up output voltage to a load, 
[Claim 2] In a DC-DC converter according to claim 1 said power conversion means The 1st reactor which 
connects said DC power supply and said 1st charge storage means to a serial, The 1st switching element 
prepared between said 1st reactor and ends of DC power supply. The 2nd switching element to which the end 
was connected between said 1st reactor and said 1st switching element. Provide and said power conversion is 
performed using the excitation energy of said 1st reactor produced by control of said the 1st and 2nd switching 
element. In a steady state, power in said 1st direction of a charge storage means from said DC power supply 
Delivery, The DC-DC converter characterized by sending power in said direction of DC power supply from 
said 1st charge storage means at the period which lowers delivery and output voltage for power to another set 
point in said 1st direction of a charge storage means from said DC power supply at the period which raises 
output voltage to the set point. 

[Claim 3] It is the DC-DC converter which said DC power supply are power sources which can be charged in a 
DC-DC converter according to claim 2, and is characterized by reviving the power sent to DC power supply 
from said 1st charge storage means with said power conversion means to said DC power supply at the period 
which lowers said output voltage. 

[Claim 4] The DC-DC converter characterized by reviving the power sent to DC power supply from said 1st 
charge storage means by said power conversion means for said 2nd charge storage means at the period which 
has the 2nd charge storage means connected to said DC power supply and juxtaposition in a DC-DC converter 
according to claim 2, and lowers said output voltage. 

[Claim 5] It is the DC-DC converter characterized by to have the discharge circuit which discharges the stored 
charge of DC power supply, the 1st charge storage means for carrying out smooth [ of the output ], and said 1st 
charge storage means in the DC-DC converter which carries out smooth [ of the input from DC power supply ], 
and supplies the set-up output voltage value to an integrated circuit, and for said discharge circuit to operate at 
the period which lowers output voltage to the set point, and to discharge the stored charge of said 1st charge 
storage means. 

[Claim 6] In a DC-DC converter according to claim 5 said discharge circuit The 2nd reactor which connects 
said DC power supply and said 1st charge storage means to a serial, The 3rd switching element arranged 
between this 2nd reactor and the end of DC power supply is provided. The DC-DC converter characterized by 
discharging the stored charge of said 1st charge storage means to the set point at the period which lowers output 
voltage using the excitation energy of said 2nd reactor produced by control of said 3rd switching element. 
[Claim 7] It is the DC-DC converter which said DC power supply are power sources which can be charged in a 
DC-DC converter according to claim 5, and is characterized by reviving the stored charge of said 1st charge 
storage means to said DC power supply in the transition stage which lowers output voltage to the set point using 
the excitation energy of said 2nd reactor produced by control of said 3rd switching element. 
[Claim 8] The DC-DC converter characterized by reviving the stored charge of said 1st charge storage means 
for said 2nd charge storage means in the transition stage which has the 2nd charge storage means connected to 
said DC power supply and juxtaposition in a DC-DC converter according to claim 5, and lowers output voltage 
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to the set point using the exciSRn energy of said 2nd reactor produced by ^Rtrol of said 3rd switching 
element. 

[Claim 9] A setup of said output voltage value is a DC-DC converter given in any of claim 1 characterized by 
being made based on the command from the outside, or claim 5 they are. 

[Claim 10] A setup of said output voltage value is a DC-DC converter given in any of claim 1 characterized by 
being made based on the conmiand from said integrated circuit, or claim 5 they are. 

[Claim 1 1] Said integrated circuit is a DC-DC converter given in any of claim 1 characterized by being CPU 
(Central Processing Unit), or claim 5 they are. 

[Claim 12] A DC-DC converter given in any of claim 1 characterized by including the case where the power 
supplied to an integrated circuit is intercepted in a setup which lowers said output voltage, or claim 5 they are. 
[Claim 13] A DC-DC converter given in any of claim 1 to which said 1st charge storage means is characterized 
by being an electric double layer capacitor, or claim 5 they are. 

[Claim 14] In the control approach of the DC-DC converter which carries out smooth [ of the input from DC 
power supply ], and supplies the set-up output voltage to an integrated circuit The 1st reactor with which said 
DC-DC converter was formed between the input of said DC power supply, and the integrated circuit. At the 
time of the stationary which supplies the electrical potential difference which is equipped with the 1st charge 
storage means connected to an integrated circuit and juxtaposition between said 1st reactor and integrated 
circuits, and was set as said integrated circuit In the transition stage which raises the forward current from the 
DC-power-supply side of said 1st reactor to an integrated-circuit side to a sink, and raises output voltage to 
another set point In the transition stage which passes the forward current from the DC-power-supply side of said 
1st reactor to an integrated-circuit side, charges said 1st charge storage means, raises output voltage, and lowers 
output voltage to still more nearly another set point The control approach of the DC-DC converter characterized 
by passing the reverse current from the integrated-circuit side of said 1st reactor to a DC-power-supply side, 
discharging the stored charge of said 1st charge storage means, and lowering output voltage. 
[Claim 15] The 1st switching element by which said DC-DC converter was formed between said 1st reactor and 
ends of DC power supply in the control approach of a DC-DC converter according to claim 14, Have the 2nd 
switching element to which the end was connected between said reactor and said 1st switching element, and it 
carries out smooth [ of the input from said DC power supply ]. When supplying the set-up electrical potential 
difference to an integrated circuit When it flows through said 1st switching element, said 2nd switching element 
is intercepted. The 1st step which charges a charge at said 1st charge storage means while passing a current 
from said DC power supply to said 1st reactor and conserving excitation energy. When said 1st switching 
element is intercepted, the 2nd step which said 2nd switching element flows, and the current of said 1st reactor 
is made to flow back to said 2nd switching element, and emits said excitation energy In supplying an integrated 
circuit repeatedly one by one and lowering output voltage to the set point Even if it finishes emitting said 
excitation energy in said 2nd step, said 2nd switching element is held to switch-on. The control approach of the 
DC-DC converter characterized by passing a reverse current from the integrated-circuit side of said 1st reactor 
to a DC-power-supply side, consuming the stored charge of said 1st charge storage means with the internal 
resistance of said 2nd switching element which flowed, and lowering output voltage. 

[Claim 16] In the control approach of the DC-DC converter which carries out smooth [ of the input from DC 
power supply ], and supplies the set-up output voltage to an integrated circuit The 1st reactor with which said 
DC-DC converter was formed between the input of said DC power supply, and the integrated circuit. The 1st 
charge storage means connected to an integrated circuit and juxtaposition between said 1st reactor and 
integrated circuits is provided. When it is the power source which can charge said DC power supply and the 
electrical potential difference set as said integrated circuit is supplied In raising the forward current from the 
DC-power-supply side of said 1st reactor to an integrated-circuit side to a sink and raising output voltage to 
another set point In charging a sink and said 1st charge storage means for the forward current from the DC- 
power-supply side of said 1st reactor to an integrated-circuit side, raising output voltage and lowering output 
voltage to still more nearly another set point The control approach of the DC-DC converter characterized by 
passing the reverse current from the integrated-circuit side of said 1st reactor to a DC-power-supply side, 
making the stored charge of said 1st charge storage means discharge, reviving the stored charge of said 1st 
charge storage means to said DC power supply, and lowering output voltage. 

[Claim 17] The 1st switching element by which said DC-DC converter was formed between said 1st reactor and 
ends of DC power supply in the control approach of a DC-DC converter according to claim 16, Have the 2nd 
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switching element to which tWrntd was connected between said 1st reacto^ffa said 1st switching element, and 
it carries out smooth [ of the input from said DC power supply ]. When supplying the set-up electrical potential 
difference to an integrated circuit and it flows through said 1st switching element The 1st step which charges a 
charge at said 1st charge storage means while intercepting said 2nd switching element, passing a current from 
said DC power supply to said 1st reactor and conserving excitation energy, When said 1st switching element is 
intercepted The 2nd step which said 2nd switching element flows, and the current of said 1st reactor is made to 
flow back to said 2nd switching element, and emits said excitation energy At the period which supplies the 
input from the repeat deed aforementioned DC power supply to an integrated circuit one by one, and lowers 
output voltage to another set point Even if it finishes emitting said excitation energy at said 2nd step, said 2nd 
switching element is held to switch-on. When a reverse current begins to flow from the integrated-circuit side of 
said 1st reactor to a DC-power-supply side When said 2nd switching element flows, intercept said 1st switching 
element, and a reverse current is passed from the integrated-circuit side of said 1st reactor to a DC-power- 
supply side. The 3rd step which changes the stored charge of said 1st charge storage means into excitation 
energy. When said 2nd switching element is intercepted, said 1st switching element flows. It is the control 
approach of the DC-DC converter characterized by for a repeat line discharging the stored charge of said 1st 
charge storage means, reviving the 4th step which emits said excitation energy of said 1st reactor to said DC 
power supply one by one, and lowering output voltage. 

[Claim 18] In the control approach of a DC-DC converter according to claim 16, 2nd charge storage means by 
which said DC-DC converter is connected to said DC power supply and juxtaposition is provided. At the period 
which lowers output voltage to said another set point Even if it finishes emitting said excitation energy in said 
2nd step, said 2nd switching element is held to switch-on. When a reverse current begins to flow from the 
integrated-circuit side of said 1st reactor to a DC-power-supply side It is the control approach of the DC-DC 
converter characterized by said thing [ a repeat line discharging the stored charge of said 1st charge storage 
means, reviving the 3rd and the 4th step for said 2nd charge storage means one by one, and lowering output 
voltage ]. 

[Claim 19] In the control approach of a DC-DC converter given in any of claim 14 or claim 16 they are When 
supplying this programmed voltage to an integrated circuit after it discharges the stored charge of said 1st 
charge storage means and output voltage reaches another set point to said pan Make it flow through said 1st 
switching element, and said 2nd switching element is intercepted. The control approach of the DC-DC 
converter characterized by said thing [ repeating the 1st and the 2nd step successively and performing them ] 
since a current begins to flow in the direction which connects said 1st reactor with an integrated circuit from 
said DC-power-supply side. 

[Claim 20] The control approach of the DC-DC converter characterized by making a setup of an output voltage 
value, repeating said 1st [ the ] and the 2nd step successively in the control approach of a DC-DC converter 
given in any of claim 14 or claim 16 they are if said 1st step is held and predetermined output voltage is reached 
until it reaches predetermined output voltage in the transition stage which raises output voltage to the set point, 
and carrying out. 

[Claim 21] In the control approach of the DC-DC converter which carries out smooth [ of the input from DC 
power supply ], and supplies the set-up output voltage to an integrated circuit The 1st reactor with which said 
DC-DC converter was formed between the input of said DC power supply, and the integrated circuit. It has the 
discharge circuit of the stored charge of the 1st charge storage means connected to an integrated circuit and 
juxtaposition, and said 1st charge storage means between said 1st reactor and integrated circuits. When 
supplying the electrical potential difference set as said integrated circuit A sink and the period which raises 
output voltage to another set point the forward current from the DC-power-supply side of said 1st reactor to an 
integrated-circuit side The forward current from the DC-power-supply side of said 1st reactor to an integrated- 
circuit side A sink. Charge said 1st charge storage means and raise output voltage, and the period which lowers 
output voltage to still more nearly another set point operates said discharge circuit, and discharges the stored 
charge of said 1st charge storage means. The control approach of the DC-DC converter characterized by 
stopping actuation of said discharge circuit if it becomes predetermined output voltage. 
[Claim 22] In the control approach of a DC-DC converter according to claim 21, said DC power supply are 
power sources which can be charged. The discharge circuit of said DC-DC converter The 2nd reactor which 
connects said DC power supply and integrated circuit to a serial at least. The period which possesses said 2nd 
reactor and the 3rd switching element prepared between the ends of said DC power supply, and lowers output 
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voltage to said another set poiWrlow through said 3rd switching element aMrk current is passed from the 
integrated-circuit side of said 2nd reactor to a DC-power-supply side. The 5th step which changes the stored 
charge of said 1st charge storage means into excitation energy. It is the control approach of the DC-DC 
converter characterized by intercepting said 3rd switching element, and for a repeat line discharging the stored 
charge of said 1st charge storage means, and reviving the 6th step which emits said excitation energy of said 
2nd reactor to said DC power supply one by one. 

[Claim 23] It is the control approach of the DC-DC converter characterized by for the period which said DC-DC 
converter has 2nd charge storage means to connect with said DC power supply and juxtaposition, in the control 
approach of a DC-DC converter according to claim 21, and lowers output voltage to said another set point 
discharging said 5th [ the ] and the 6th step, and for a repeat line discharging the stored charge of said 1st 
charge storage means one by one, and reviving for said 2nd charge storage means. 

[Claim 24] It is the control approach of the DC-DC converter characterized by making a setup of said output 
voltage based on the command from the outside in the control approach of a DC-DC converter given in any of 
claim 14, claim 16, and claim 21 they are. 

[Claim 25] It is the control approach of the DC-DC converter characterized by making a setup of said output 
voltage based on the conmiand from said integrated circuit in the control approach of a DC-DC converter given 
in any of claim 14, claim 16, and claim 21 they are. 

[Claim 26] It is the control approach of the DC-DC converter characterized by said integrated circuit being CPU 
in the control approach of a DC-DC converter given in any of claim 14, claim 16, and claim 21 they are. 
[Claim 27] The control approach of the DC-DC converter characterized by including the case where the power 
supplied to an integrated circuit is intercepted with a setup which lowers said output voltage in the control 
approach of a DC-DC converter given in any of claim 14, claim 16, and claim 21 they are. 
[Claim 28] It is the control approach of the DC-DC converter characterized by said 1st charge storage means 
being an electric double layer capacitor in the control approach of a DC-DC converter given in any of claim 14, 
claim 16, and claim 21 they are. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The invention in this application relates to the DC-DC converter which makes the input 

of DC power supply the set-up direct-current output voltage, and supplies it to an integrated circuit. 

[0002] 

[Description of the Prior Art] In recent years, what has a high throughput is demanded also of CPU (Central 
Processing Unit: arithmetic and program control) carried with high-performance-izing of a cellular phone or a 
mobile related equipment which makes a dc-battery an energy source. On the other hand, as for dc-battery drive 
time amount, the further long duration-ization is called for. For power consumption reduction, especially supply 
voltage tends to fall and what has high conversion efficiency is needed for the power unit of a pocket device. 
[0003] Generally as a power unit of a pocket device, the series regulator and the direct-current-direct-current 
converter (it is henceforth called a DC-DC converter) are used. If it sees from conversion efficiency, since the " 
loss decided by the product of the difference electrical potential difference of the load current and supply 
voltage, and output voltage occurs, the DC-DC converter of a series regulator is advantageous to low-battery- 
izing. However, a DC-DC converter has the problem of the fluctuation ******** ripple voltage of the output 
voltage resulting from the principle of operation. The principle of operation and the ripple voltage of a DC-DC 
converter are explained here using drawing 2 . 

[0004] The example of a configuration of a pressure-lowering chopper form DC-DC converter fundamental to 
drawing 2 is shown, the sign 1 of drawing 2 — DC power supply and 2 ~ for a direct current reactor and 5, as 
for a load and 7, a smoothing capacitor and 6 are [ P channel power metal-oxide semiconductor field effect 
transistor and 3 / ring current diode and 4 / an output feedback circuit and 9 ] switching control circuits. 
[0005] Next, actuation of the power unit of drawing 2 is explained. The output voltage feedback circuit 7 inputs 
the electrical potential difference of a smoothing capacitor 5, and amplifies an error with the output voltage 
reference value set up beforehand. And the output of the force electrical-potential-difference feedback circuit 7 
is inputted into the switching control circuit 9, and it changes into a pulse train in the switching control circuit 9, 
and ON/OFF of the P channel power metal-oxide semiconductor field effect transistor 2 is carried out, and 
PWM (Pulse-Density-Modulation approach) control is carried out. Since a direct current reactor 4 repeats by 
this the are recording and emission of energy which were excited by the current, the voltage variation 
accompanying this appears in an output as the so-called ripple voltage. If supply voltage becomes low, the 
control criteria of a ripple voltage will become still severer for operational stability of a device. The approach of 
enlarging a smoothing capacitor 5 and the approach of shortening the ON/OFF period of the ****** P channel 
power metal-oxide semiconductor field effect transistor 2 are learned by means to stop this ripple voltage. 
Moreover, two or more regulator circuits are connected to juxtaposition, the switching phase of each regulator 
circuit is shifted and controlled, and the approach of controlling a ripple voltage is indicated by JP,8-242577,A 
by compounding the output. 

[0006] Moreover, CPU equipped with the function to attain optimization of power new type is put in practical 
use, for example, it is the Nikkei electronics. It is indicated by the March 13, 2000 issue "embarkation of 
Crusoe." The function to attain optimization of power here is a means to control supply voltage and clock 
frequency according to the loaded condition of CPU. When you need a high throughput, in order to raise clock 
frequency, supply voltage is raised, when not so required, clock frequency is set up low and supply voltage is 
lowered. Power consumption is stopped by performing this control finely (it being hundreds of times in 1 
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[^j^^er unit for future pocket devices, it is cal^^c 



second). Therefore, as for the pffwer unit for future pocket devices, it is callea for also corresponding to the 
above CPUs that supply voltage is adjustable. 
[0007] 

[Problem(s) to be Solved by the Invention] By the approach of using the above-mentioned smoothing capacitor 
5 as large capacity, since mass capacitors are generally comparatively expensive large-sized components, there 
is a trouble of becoming the hindrance of the miniaturization of equipment and low-cost-izing. Moreover, it is 
short in the ON/OFF period of the above and the P channel power metal-oxide semiconductor field effect 
transistor 2, namely, it is necessary to raise a switching frequency further by the approach of raising a switching 
frequency, and there is a problem of the change rate of the switching element itself by it. 
[0008] By the approach of malcing juxtaposition two or more above-mentioned regulator circuits, in order to 
realize further ripple voltage reduction, it is necessary to increase the number of juxtaposition of the regulator 
circuit constituted for a power transistor, a drive circuit, a series reactor, a smoothing capacitor, and reflux 
diode. However, if the number of juxtaposition is increased, the components mark of the whole power unit will 
increase. That is, the juxtaposition approach of two or more regulator circuit will also serve as a failure of the 
miniaturization of equipment, and low-cost-izing, if the number of juxtaposition increases. 
[0009] However, when using a mass smoothing capacitor, there is a problem in corresponding to the above 
CPUs. When a mass smoothing capacitor is generally used, it is the point of requiring time amount for changing 
output voltage. In order to change an electrical potential difference promptly, it is necessary to pass many 
currents, and to charge or discharge. In order to lower especially an electrical potential difference, the charge 
accumulated in the capacitor must be discharged. However, since it cannot discharge easily at the time of a light 
load, output voltage does not fall. Moreover, if the internal impedance of a capacitor is high even if it can pass 
many charge and discharge currents, the loss produced there will become large. 

[0010] The purpose of this invention is to realize the power unit using a mass smoothing capacitor like an 
electric double layer capacitor with low intemal impedance which is a low ripple voltage, and does not depend 
on a load but can respond to adjustable control of output voltage promptly. 
[0011] 

[Means for Solving the Problem] The DC-DC converter of this invention has the main circuit of the non- 
insulating pressure-lowering form DC-DC converter which consists of at least two semiconductor devices, 
direct current reactors, and smoothing capacitors. And a means compares the reference voltage and output 
voltage which were generated with a means to generate the reference voltage which can carry out adjustable [ of 
the set point of reference voltage ], and a means to generate said reference voltage, and output error 
information, a means generate the signal impressed to the control terminal of said semiconductor device based 
on said error information, and a means identify the direction of the current which flows to said direct current 
reactor are provided. 

[0012] The DC-DC converter of this invention changes the reference voltage level of a means to generate the 
above-mentioned reference voltage, according to adjustable control of supply voltage. According to the error 
information on a means to output the error information on this reference voltage and output voltage, the signal 
impressed to the control terminal of a semiconductor device is generated, and desired output voltage is obtained. 
When lowering an output voltage value furthermore, it brings close to a programmed- voltage value quickly by 
making the path which discharges the charge which the direction of the current which flows to a direct current 
reactor was identified, and the signal impressed to the control terminal of a semiconductor device was changed, 
and was accumulated in said smoothing capacitor. 

[0013] The circuit of a DC-DC converter may be used for the path which discharges the stored charge of a 
smoothing capacitor with the DC-DC converter of this invention, and it may add the circuit for discharge 
independently. Moreover, stored charge is effectively utilizable if it supplies and revives to the dc-battery which 
can charge the discharging above-mentioned stored charge. 
[0014] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained in detail using a drawing. 
[0015] (Example 1) The example 1 of this invention is shown in drawing 1 . Drawing 1 is drawing showing the 
fundamental configuration of this invention, and operates as a pressure-lowering chopper mold synchronous 
detection type DC-DC converter. In drawing 1 a sign 1 a direct current reactor and 5 for DC power supply and 4 
A smoothing capacitor, 6 an output voltage feedback circuit, and 8a and 8b for a load and 7 N channel power 
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metal-oxide semiconductor fieilreffect transistor, The direction discrimination decision circuit of a current 
which identifies the sense of the current on which 9 flows a switching control circuit and 10 flows a direct 
current reactor 4, 15a and 15b — a drive circuit and 16 ~ for an error arithmetic circuit and 73, as for a 
triangular wave generating means and 92, error amplifier and 91 are [ an inverter circuit and 71 / reference 
voltage and 72 / a comparator and 93 ] limiters. Smoothing capacitors 5 are large capacity like an electric 
double layer capacitor, and a capacitor of low internal impedance here. Generally, an electric double layer 
capacitor can realize the large capacity of farad order, rapid charge and discharge are possible and long lasting, 
and low impedance-ization is attained like the indication to JP,6-122511,A and JP,11-154630,A of internal 
impedance. Moreover, generally a load 6 is an integrated circuit, for example, is CPU with the above-mentioned 
power optimization function. 

[0016] In drawing 1 , the positive electrode of DC power supply 1 is connected to the drain of N channel power- 
metal-oxide-semiconductor-field-effect-transistor 8a, and the source of N channel power-metal-oxide- 
semiconductor-field-effect-transistor 8a is connected to one terminal of a direct current reactor 4, and the drain 
of N channel power-metal-oxide-semiconductor-field-effect-transistor 8b. Another terminal of a direct current 
reactor 4 is connected to the positive electrode of a smoothing capacitor 5. The negative electrode of DC power 
supply 1 is connected to the negative electrode of a smoothing capacitor 5, the source of N channel power- 
metal-oxide-semiconductor-field-effect-transistor 8b, and it. A load 6 is connected to the both ends of a 
smoothing capacitor 5. 

[0017] The positive electrode of a smoothing capacitor 5 is inputted into the error arithmetic circuit 72 in the 
interior of the output voltage feedback circuit 7. Reference voltage 71 is also inputted into the error arithmetic 
circuit 72. Reference voltage 71 serves as a circuit in which an electrical-potential-difference setup is possible 
from the load 6, and output voltage serves as adjustable by changing the set point. The circuit actuation at this 
time is mentioned later. The output of the error arithmetic circuit 72 is inputted into the error amplifier 73, and 
the output of the error amplifier 73 is connected to the limiter 93 in the interior of the switching control circuit 9 
as an output of the output voltage feedback circuit 7. The output of a limiter 93 is connected to one input of a 
comparator 92, and the output of the triangular wave generating means 91 is also connected to another input of 
a comparator 92. The output of a comparator 92 is connected to drive circuit 15a and an inverter circuit 16 as an 
output of the switching control circuit 9. The output of an inverter circuit 16 is connected to drive circuit 15b, 
The output of drive circuit 15a is connected to the gate of N channel power-metal-oxide-semiconductor-field- 
effect-transistor 8a, and the output of drive circuit 15b is connected to the gate of N channel power-metal-oxide- 
semiconductor-field-effect-transistor 8b, respectively. Moreover, the output of the direction discrimination 
decision circuit 10 of a current which identifies the sense of the current of a direct current reactor 4 is connected 
to the switching control circuit 9. 

[0018] First, the set point Vref with reference voltage 71 Actuation by the steady state set up is explained. 
Drawing 3 is the signal waveform diagram showing circuit actuation of drawing 1 in a steady state. The case 
where the switching control circuit 9 performs PWM control is explained. Output voltage Vout which is an 
electrical potential difference of the both ends of a smoothing capacitor 5 in drawing 1 It is inputted into the 
output voltage feedback circuit 7, and a difference with reference voltage 71 is outputted from the error 
arithmetic circuit 72. This error voltage is amplified with the error amplifier 73, and the amplified error voltage 
is outputted from the output voltage feedback circuit 7. This amplified error voltage is inputted into the limiter 
93 in the interior of the switching control circuit 9. A limiter 93 specifies a ratio at the time of a ratio and min at 
the time of the max of PWM. The amplified error voltage is inputted into a comparator 92 through a limiter 93. 
[0019] The output of a limiter 93 is measured with the output of the triangular wave generating means 91, 
serves as a pulse train from a comparator 92, and is outputted. It is inputted into driye circuit 15a, the electrical- 
potential-difference pulse VGa between the gate sources shown in drawing 3 is outputted, and the pulse train 
outputted from the comparator 92 is impressed between the gate sources of N channel power-metal-oxide- 
semiconductor-field-effect-transistor 8a. The peak value of this pulse train is fully larger than the threshold 
voltage of N channel power-metal-oxide-semiconductor-field-effect-transistor 8a, and, thereby, switching 
operation of the N channel power-metal-oxide-semiconductor-field-effect-transistor 8a is carried out. Moreover, 
it is inputted into coincidence in an inverter circuit 16, the signal which reversed the pulse train of a comparator 
92 is inputted into drive circuit 15b, the electrical-potential-difference pulse VGb between the gate sources as 
shown in drawing 3 is outputted, and the output of a comparator 92 is impressed between the gate sources of N 
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channel power-nietal-oxide-sef!nconductor-field-effect-transistor 8b. 
[0020] When the electrical potential difference between the gate sources is impressed to N channel power- 
metal-oxide-semiconductor-field-effect-transistor 8a, N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8a turns on, and, on the other hand, N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b turns off. At this time, a direct current reactor 4 and a smoothing capacitor 5 are connected with 
DC power supply 1 at a serial, and it is Current IL to a direct current reactor 4. It flows. N channel power-metal- 
oxide-semiconductor-field-effect-transistor 8a turns on, and the flowing current IL increases a direct current 
reactor 4 by inclination dIL/dt shown in a degree type in the condition that N channel power-metal-oxide- 
senMconductor-field-effect-transistor 8b turned off. 
[0021] 

dIL/dt=(Vin-Vout)/L - (1) 

Here, L shows the inductive reactance of a direct current reactor 4. Current EL The sense makes forward the 
direction which flows toward the edge which connects a direct current reactor 4 with a load 6 in drawing 1 . 
Current IL which flows a direct current reactor 4 A smoothing capacitor 5 is charged. At this time, the electrical 
potential difference VDS between terminals of N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b becomes almost equal to input voltage Vin. 

[0022] Although N channel power-metal-oxide-semiconductor-field-effect-transistor 8a turns off when the 
electrical potential difference between the gate sources of N channel power-metal-oxide-semiconductor-field- 
effect-transistor 8a is set to 0, in coincidence, N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b carries out complementary actuation, and turns on. Current IL which was flowing to the direct 
current reactor 4 Synchronous detection which flows in the direction of a drain from the source of N channel 
power-metal-oxide-semiconductor-field-effect-transistor 8b is performed. Current EL which flows a direct 
current reactor 4 at this time It is expressed with a degree type. 
[0023] 

dIL/dt=-(Vout)/L - (2) 

Namely, current EL which flows a direct current reactor 4 It decreases with the inclination shown in (2) types. 
At this time, the electrical potential difference VDS of the drain of N channel power-metal-oxide- 
semiconductor-field-effect-transistor 8b turns into a negative electrical potential difference on which only the 
product of a conduction current, a part for ON state voltage, i.e., the on resistance, of N channel power-metal- 
oxide-semiconductor-field-effect-transistor 8b, fell from OV. As this result, the wave shown in drawing 3 occurs 
on the electrical potential difference VDS between terminals of N channel power-metal-oxide-semiconductor- 
field-effect-transistor 8b. A direct current reactor 4 and a smoothing capacitor 5 carry out smooth [ of the 
voltage waveform VDS of this N channel power-metal-oxide-semiconductor-field-effect-transistor 8b ]. This 
control system is output voltage Vout. It is kept constant and is the output current lout. It operates so that it may 
secure. The steady state explained above is fundamental actuation of a pressure-lowering chopper mold 
synchronous detection type DC-DC converter. 

[0024] Next, the circuit actuation when changing output voltage is explained. In this example, in order to 
change output voltage, a setting signal is sent to the output voltage feedback circuit 7 from a load 6. As the 
setting approach, it is the set point Vref of reference voltage 71. The approach of being able to be made to carry 
out adjustable, performing said output-value setup to the error arithmetic circuit 72, considering the set point, 
and calculating an error may be used. The set point Vref of the following and reference voltage 71 The case 
where adjustable is carried out is explained. Moreover, although an output-value setup was performed from the 
load 6 connected to a power source in drawing 1 , even if it sets up from another circuit which does not carry 
out direct continuation to a power source, CPU, IC for control of electric power, etc., it is satisfactory at all. 
[0025] In order to raise output voltage, it is the set point Vref of reference voltage 71. It raises from the current 
value. Drawing 4 is the set point Vref of reference voltage 71. Time amount tl It is the signal waveform 
diagram showing the circuit actuation at the time of raising- Time amount tl which changed reference voltage 
71 Error voltage produces the rest in the output voltage feedback circuit 7. This error voltage is amplified and it 
outputs from the output voltage feedback circuit 7. This amplified error voltage is inputted into the switching 
control circuit 9, and as mentioned above, it becomes a pulse train and it is outputted. Fluctuation of error 
voltage is reflected in the pulse width of the pulse outputted by minding a comparator 92. It is inputted into 
drive circuit 15a, the electrical-potential-difference pulse VGa between the gate sources as shown in drawing 4 
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is outputted, and the pulse trair^^ which the output was carried out [ above-mentioned ] is impressed between 
the gate sources of N channel power-metal-oxide-semiconductor-field-effect-transistor 8a. In order that drawing 
4 may raise output voltage, pulse width shows the extended state. 

[0026] Moreover, the output of a comparator 92 is inputted into coincidence in an inverter circuit 16, and the 
signal which reversed the pulse train of a comparator 92 is inputted into drive circuit 15b. The electrical- 
potential-difference pulse VGb between the gate sources as shown in drawing 4 R> 4 from drive circuit 15b is 
outputted, and it is impressed between the gate sources of N channel power-metal-oxide-semiconductor-field- 
effect-transistor 8b. Since the electrical-potential-difference pulse VGb is the signal which the electrical- 
potential-difference pulse VGa reversed, compared with the steady state, pulse width is narrow. 
[0027] When the electrical potential difference between the gate sources is impressed to N channel power- 
metal-oxide-semiconductor-field-effect-transistor 8a, N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8a turns on, and, on the other hand, N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b turns off. At this time, a direct current reactor 4 and a smoothing capacitor 5 are connected with 
DC power supply 1 at a serial, and it is Current IL to a direct current reactor 4. It flows and a smoothing 
capacitor 5 is charged. 

[0028] Although N channel power-metal-oxide-semiconductor-field-effect-transistor 8a turns off when the 
electrical potential difference between the gate sources of N channel power-metal-oxide-semiconductor-field- 
effect-transistor 8a is set to 0, in coincidence, N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b carries out complementary actuation, and turns on. Current IL which was flowing to the direct 
current reactor 4 Synchronous detection which flows in the direction of a drain from the source of N channel 
power-metal-oxide-semiconductor-field-effect-transistor 8b is performed. The electrical potential difference 
VDS of the drain of N channel power-metal-oxide-semiconductor-field-effect-transistor 8b tums into a negative 
electrical potential difference on which only the product of a conduction current, a part for ON state voltage, 
i.e., the on resistance, of N channel power-metal-oxide-semiconductor-field-effect-transistor 8b, fell from OV. 
As this result, a wave as shown in drawing 4 occurs on the electrical potential difference VDS between 
terminals of N channel power-metal-oxide-semiconductor-field-effect-transistor 8b. A direct current reactor 4 
and a smoothing capacitor 5 carry out smooth [ of the voltage waveform VDS of this N channel power-metal- 
oxide-semiconductor-field-effect-transistor 8b ]. 

[0029] Since the pulse width of the electrical-potential-difference pulse VGa between the gate sources has 
spread at this time, the time amount which N channel power-metal-oxide-semiconductor-field-effect-transistor 
8a tums on becomes long. Therefore, the charge of a smoothing capacitor 5 increases. Since the time amount 
which N channel power-metal-oxide-semiconductor-field-effect-transistor 8b tums on conversely on the other 
hand becomes short, the voltage waveform VDS of N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b tums into a wave as shown in drawing 4 . It is the output which carried out smooth [ of the voltage 
waveform VDS of this N channel power-metal-oxide-semiconductor-field-effect-transistor 8b ] with the direct 
current reactor 4 and the smoothing capacitor 5, and an output Vout will be improved in this case. For this 
control cycle, output voltage Vout is the set point Vref . It is repeated until it becomes (inside of drawing 4 , and 
time amount t2). After that, it will be in the above-mentioned steady state, and is output voltage Vout. It is kept 
constant and is the output current lout. It will operate so that it may secure. 

[0030] Next, the case where output voltage is lowered is explained. In order to lower output voltage, the set 
point Vref of reference voltage 71 is lowered. Drawing 5 is the set point Vref of reference voltage 71, It is the 
signal waveform diagram showing the circuit actuation at the time of lowering by time amount t3. Error voltage 
arises in the time amount t3 which lowered reference voltage 71. This error voltage is amplified with the error 
amplifier 73, and it outputs from the output voltage feedback circuit 7. This amplified error voltage is inputted 
into the switching control circuit 9, and as explanation was given [ aforementioned ], it becomes a pulse train 
from a comparator 92, and it is outputted. The magnitude of the above-mentioned error voltage is reflected in 
the pulse width of the pulse outputted. It is inputted into drive circuit 15a, the electrical-potential-difference 
pulse VGa between the gate sources as shown in drawing 5 is outputted, and this pulse train is impressed 
between the gate sources of N channel power-metal-oxide-semiconductor-field-effect-transistor 8a. the case 
where output voltage is lowered — the pulse width of the electrical-potential-difference pulse VGa between the 
gate sources — ****** — ** 

[0031] Moreover, the output of a comparator 92 is inputted into coincidence in an inverter circuit 16, and the 
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signal which reversed the pulsCTrain of a comparator 92 is inputted into drive circuit 15b. The electrical- 
potential-difference pulse VGb between the gate sources as shown in drawing 5 R> 5 from drive circuit 15b is 
outputted, and it is impressed between the gate sources of N channel power-metal-oxide-semiconductor-field- 
effect-transistor 8b. Since the electrical-potential-difference pulse VGb is the signal which the electrical- 
potential-difference pulse VGa reversed, pulse width has spread compared with the steady state. 
[0032] When the electrical potential difference between the gate sources is impressed to N channel power- 
metal-oxide-semiconductor-field-effect-transistor 8a, N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8a turns on, and, on the other hand, N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b turns off. At this time, a direct current reactor 4 and a smoothing capacitor 5 are connected with 
DC power supply 1 at a serial, and it is Current IL to a direct current reactor 4. It flows and a smoothing 
capacitor 5 is charged. 

[0033] Although N channel power-metal-oxide-semiconductor-field-effect-transistor 8a turns off when the 
electrical potential difference VGa between the gate sources is set to 0, in coincidence, N channel power-metal- 
oxide-semiconductor-field-effect-transistor 8b carries out complementary actuation, and turns on. Current IL 
which was flowing to the direct current reactor 4 Synchronous detection which flows in the direction of a drain 
from the source of N channel power-metal-oxide-semiconductor-field-effect-transistor 8b is performed. The 
electrical potential difference VDS of the drain of N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b tums into a negative electrical potential difference on which only the product of a conduction 
current, a part for ON state voltage, i.e., the on resistance, of N channel power-metal-oxide-semiconductor- 
field-effect-transistor 8b, fell from OV. As this result, a wave as shown in drawing 5 occurs on the electrical 
potential difference VDS between terminals of N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b. The direct current reactor 4 and the smoothing capacitor 5 are canying out smooth [ of the voltage 
waveform VDS of this N channel power-metal-oxide-semiconductor-field-effect-transistor 8b ]. 
[0034] Since the pulse width of the electrical-potential-difference pulse VGa between the gate sources is narrow 
at this time, the time amount which N channel power-metal-oxide-semiconductor-field-effect-transistor 8a tums 
on becomes short. Therefore, the charge of a smoothing capacitor 5 decreases. Since the time amount which N 
channel power-metal-oxide-semiconductor-field-effect-transistor 8b tums on conversely on the other hand 
becomes long, the voltage waveform VDS of N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b tums into a wave as shown in drawing 5 . In the case of the condition which it is the output which 
graduated the voltage waveform VDS of this N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b with the direct current reactor 4 and the smoothing capacitor 5, and shows in drawing 5 , it is an 
output Vout. It will fall. This control cycle is output voltage Vout. Set point Vref It is repeated until it becomes 
(inside of drawing 5 , and time amount t4). After that, it will be in the above-mentioned steady state, and is 
output voltage Vout. It is kept constant and is the output current lout. It operates so that it may secure. 
[0035] As stated above, it is the set point Vref of reference voltage 71. By considering as the circuitry to 
change, an output voltage adjustable power unit is realizable. However, if capacity of a smoothing capacitor 5 is 
enlarged for ripple voltage reduction, the following problems will arise. That is, it is that modification of the 
terminal voltage (= output voltage Vout) takes time amount, so that a smoothing capacitor 5 becomes large 
capacity. For stabilization of a power source, although it becomes an advantage, in setting up supply voltage 
finely like CPU with the function to attain optimization of the power mentioned above new type (it is hundreds 
of times in 1 second), it becomes disadvantageous. 

[0036] When lowering especially an electrical potential difference, the excessive charge accumulated in the 
smoothing capacitor 5 must be discharged. If a load 6 is heavy loading, it is the output current lout. Since it is 
large, the stored charge of a smoothing capacitor 5 can be consumed as the output current, and it can lower to an 
early predetermined electrical-potential-difference value. The case where loads 6 are a light load and no-load 
becomes a problem. Especially CPU for pocket devices and a circuit also have a thing equipped with the so- 
called standby mode which is in the inclination which makes a load light in order to hold down power 
consumption, and supplies power only to a necessary minimum circuit, such a case — the output current lout in 
order to hardly flow — the stored charge of a smoothing capacitor 5 — very much — it cannot discharge — output 
voltage Vout The set point Vref up to - the time amount (t4-t3 in drawing 5 ) taken to lower becomes long. 
[0037] On the other hand, when raising output voltage, a smoothing capacitor 5 must be charged. Therefore, if a 
mass capacitor is used, the time amount (t2-tl in drawing 4 ) which charge takes so much will become long. 
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However, this is the current I^passed to a direct current reactor 4. You may say that it is decided by magnitude, 
i.e., the capacity to pass the current of DC power supply 1. 

[0038] Also when the mass smoothing capacitor 5 is used by this example in consideration of the above point, 
circuit control for changing output voltage into a predetermined electrical-potential-difference value promptly is 
performed. When changing output voltage, the control approach of a power source is suitably changed to the 4 
modes shown below. The 4 modes are transient mode, charge drawing mode, return mode, and rectification 
mode, and sequential explanation is given below. In addition, the above-mentioned steady state, i.e., circuit 
actuation of a pressure-lowering chopper mold synchronous detection type DC-DC converter, is in rectification 
mode. In addition, the setting signal from the above-mentioned load 6 is inputted also into the switching control 
circuit 9, and switching control changes in the above-mentioned mode suitably according to a setup. 
[0039] First, the case where an electrical potential difference is lowered is explained. In circuit control of this 
example, it does not depend on a load, but charge discharge can be carried out and output voltage can be 
lowered promptly. This structure is explained. Drawing 6 is the set point Vref of reference voltage 71. Time 
amount t5 It is the signal waveform diagram showing the circuit actuation at the time of lowering. In addition, 
the load 6 at this time presupposes that it is a light load for example, by the above-mentioned standby-mode 
setup. 

[0040] Time amount t5 which lowered reference voltage 71 It sets and a power circuit is changed to transient 
mode. Since reference voltage 71 was lowered, error voltage arises in the output voltage feedback circuit 7. This 
error voltage is amplified with the error amplifier 73, and it outputs from the output voltage feedback circuit 7. 
This amplified error voltage is inputted into the limiter 93 in the interior of the switching control circuit 9, 
Although a limiter 93 specifies a ratio at the time of a ratio and min at the time of the max of PWM, it turns off 
this convention in transient mode. Therefore, the amphfied error voltage will be inputted into a comparator 92 
as it is. 

[0041] The above-mentioned error voltage is compared with the output of the triangular wave generating means 
91, serves as a pulse train from a comparator 92, and is outputted. The magnitude of the above-mentioned error 
voltage is reflected in the pulse width of the pulse outputted. It is inputted into drive circuit 15a, the electrical- 
potential-difference pulse VGa between the gate sources as shown in drawing 6 is outputted, and the above- 
mentioned pulse train is impressed between the gate sources of N channel power-metal-oxide-semiconductor- 
field-effect-transistor 8a. Moreover, the output of a comparator 92 is inputted into coincidence in an inverter 
circuit 16, and the signal which reversed the pulse train of a comparator 92 is inputted into drive circuit 15b. 
The electrical-potential-difference pulse VGb between the gate sources as shown in drawing 5 from drive 
circuit 15b is outputted, and it is impressed between the gate sources of N channel power-metal-oxide- 
semiconductor-field-effect-transistor 8b. 

[0042] As mentioned above, for raising output voltage, pulse width of the electrical-potential-difference pulse 
VGa is made large (the pulse width of the electrical-potential-difference pulse VGb narrows), and pulse width 
of the electrical-potential-difference pulse VGa is ******(ed) to lower output voltage (the pulse width of the 
electrical-potential-difference pulse VGb becomes large). In this example, since the limiter 93 is turned off, the 
pulse width limit of the electrical-potential-difference pulses VGa and VGb has been lost. At the time of a light 
load, since stored charge of a smoothing capacitor 5 cannot be discharged, output voltage does not fall easily. 
As a result, in order to lower output voltage, the time amount by which the electrical-potential-difference pulse 
VGb is impressed between the gate sources of N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b becomes long. 

[0043] As shown in the above (1) and (2) types, it is ON / current IL which therefore flows a direct current 
reactor 4 off of the N channel power metal-oxide semiconductor field effect transistor 8a and 8b. It is 
fluctuating. Current IL which flows a direct current reactor 4 when N channel power-metal-oxide- 
semiconductor-field-effect-transistor 8b turns on It decreases with the inclination shown in (2) types, if N 
channel power-metal-oxide-semiconductor-field-effect-transistor 8b continues turning on like drawing 6 ~ 
gradually — current IL decreasing — 0 (time amount t6 in drawing 6 ) — becoming — just — being alike — it 
begins to flow to hard flow. Current IL which flows to hard flow It is discharge of the stored charge of a 
smoothing capacitor 5. Therefore, it follows on discharge of stored charge and is the electrical potential 
difference Vout of the both ends of a smoothing capacitor 5, i.e., output voltage. It falls. The monitor of the 
sense to which this current IL flows is carried out by the direction discrimination decision circuit 10 of a 
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current. In addition, the directiro discrimination decision circuit 10 of a current will not ask an approach, if the 
sense of the flowing current understands a direct current reactor 4. 

[0044] By the way, current IL which flows the above-mentioned direct current reactor 4 Since it is lost, in order 
to prevent it, by this example, using the current which flows this direct current reactor 4 to hard flow, flowing to 
hard flow does not depend on the magnitude of a load 6, but it discharges the stored charge of a smoothing 
capacitor 5 promptly. In addition, when switching control is being performed so that the sense of a current may 
be detected and it may not flow backwards as indicated by JP,1 1-235022, A, for example, it cannot be 
overemphasized that this control is canceled to coincidence. 

[0045] Current IL which flows to hard flow in this example Although used for stored charge discharge of a 
smoothing capacitor 5, since it is grounded through N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b, at this rate, the charge which discharged as mentioned above will become mere loss. So, 
regeneration of the stored charge which discharges further is aimed at in this example. The direction 
discrimination decision circuit 10 of a current detects flowing into hard flow (inside of drawing 6 t6), and the 
current EL of a direct current reactor 4 is output voltage Vout. When reference voltage 71 is not reached, a 
power circuit changes to charge drawing mode. 

[0046] In charge drawing mode, it is the current IL of a direct current reactor 4. The N channel power metal- 
oxide semiconductor field effect transistor 8a and 8b is turned on/off controlled, holding the condition of 
flowing to hard flow. At this time, DC power supply operate by drawing 1 as a smoothing capacitor 5 and a 
pressure-up chopper mold DC-DC converter which N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8b and a rectifying device can consider that are N channel power-metal-oxide-semiconductor-field- 
effect-transistor 8a, and a load can consider [ a switching element ] are DC power supply 1. Therefore, if stored 
charge is stored in a direct current reactor 4 as excitation energy and N channel power-metal-oxide- 
semiconductor-field-effect-transistor 8a turns it on while N channel power-metal-oxide-semiconductor-field- 
effect-transistor 8b turns on, excitation energy will be emitted to DC power supply 1 through N channel power- 
metal-oxide-semiconductor-field-effect-transistor 8a. Here, if it is the dc-battery which can charge DC power 
supply 1, the above-mentioned stored charge can be revived to DC power supply 1. 

[0047] While not depending on a load 6 but discharging the stored charge of a smoothing capacitor 5 by the 
above-mentioned circuit control, it is reusable to charge of a dc-battery. It is output voltage Vout by discharging 
stored charge. It falls and reference voltage 71 is reached ( drawing 6 time amount t7). If output voltage falls to 
reference voltage 71, a power circuit will change to retum mode. 

[0048] In retum mode, it is the current IL of a direct current reactor 4. Turning on N channel power-metal- 
oxide-semiconductor-field-effect-transistor 8a is continued until it flows into the forward direction (N channel 
power-metal-oxide-semiconductor-field-effect-transistor 8b is off). In the direction discrimination decision 
circuit 10 of a current, it is the current IL of a direct current reactor 4. If it detects flowing to the forward 
direction ( time amount t8 in drawing 6 R> 6), a power circuit will be returned to actuation in rectification 
mode, i.e., a pressure-lowering chopper mold DC-DC converter. A power circuit is output voltage Vout 
henceforth. The set point Vref of reference voltage 71 It operates so that it may maintain. 
[0049] Moreover, also in the power cutoff which makes a load a idle state completely (namely, output voltage 
0), fundamental actuation and circuit control is the same. If it finishes discharging the stored charge of a 
smoothing capacitor 5 and output voltage is set to 0, it will operate so that the condition may be held. 
[0050] Although explanation of the above-mentioned example 1 described the example reused to charge of DC 
power supply 1 which can charge discharge of stored charge, this invention is not restricted to this. That is, if 
the charge which discharged can be stored, it is reusable satisfactory at all. 

[0051] (Example 2) This example is shown in drawing 9 . In drawing 9 , the same sign is added about the same 
circuit as drawing 1 , and the component. In drawing 9 , a sign 12 is a capacitor and is connected to the two 
poles of said DC power supply 1. Other circuitry is the same as an example 1. 

[0052] In drawing 9 , even if it is not the dc-battery which can charge DC power supply 1 by forming a 
capacitor 12, the time of the stored charge which discharged from the smoothing capacitor 5 is reusable. Since 
the circuit control at this time is not different from the above-mentioned example 1 at all, explanation is 
omitted. In the example 2, since the charge which discharged can be accumulated in a capacitor 12, it cannot be 
necessary to charge DC power supply 1. The charge accumulated in the capacitor 12 will discharge, when 
raising stationary mode and output voltage, it will flow a direct current reactor 4 again, and will be stored in a 
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smoothing capacitor 5. In addiifDn, although the capacitor 12 was used in this example, if it is the means which 
can accumulate not only this but a charge, this invention is applicable satisfactory. 

[0053] (Example 3) In the above-mentioned example 1, when an electrical potential difference was lowered, the 
four modes were used, but as long as it does not reuse stored charge, the above-mentioned charge drawing mode 
may not be used. This example is the case where charge drawing mode of an example 1 is not used, and shows 
the circuit actuation in that case to drawing 7 . If reference voltage 71 is lowered ( time amount t9 in drawing 
7 ), a power circuit will be changed to transient mode. In transient mode, as mentioned above, a convention of a 
limiter 93 is turned off, and a pulse width limit of the output pulse train of the switching control circuit 9 is 
removed. The control is also canceled if the control which furthermore prevents the back flow of a direct- 
current-reactor current is made. 

[0054] As mentioned above, the pulse width of the electrical-potential-difference pulse VGa is extended to raise 
output voltage (the pulse width of the electrical-potential-difference pulse VGb narrows), and pulse width of the 
electrical-potential-difference pulse VGa is to lower output voltage (the pulse width of the 

electrical-potential-difference pulse VGb becomes large). At this example, since the limiter 93 is turned off, 
there is no pulse width limit of the electrical-potential-difference pulses VGa and VGb. Since stored charge of a 
smoothing capacitor 5 cannot be discharged and output voltage does not fall easily at the time of a light load, in 
order to lower output voltage, the time amount by which the electrical-potential-difference pulse VGb is 
impressed between the gate sources of N channel power-metal-oxide-semiconductor-field-effect-transistor 8b 
becomes long. 

[0055] As shown in the above (1) and (2) types, it is ON / current IL which therefore flows a direct current 
reactor 4 off of the N channel power metal-oxide semiconductor field effect transistor 8a and 8b. It fluctuates. 
Current IL which flows a direct current reactor 4 when N channel power-metal-oxide-semiconductor-field- 
effect-transistor 8b turns on It decreases with the inclination shown in (2) types, if N channel power-metal- 
oxide-semiconductor-field-effect-transistor 8b continues tuming on like drawing 7 - gradually - current IL 
decreasing ~ 0 ( time amount tlO in drawing 7 ) - becoming — just — being alike — it begins to flow to hard 
flow. At this time, the current which flows to hard flow is discharge of the stored charge of a smoothing 
capacitor 5. Therefore, it follows on discharge of stored charge and is the electrical potential difference Vout of 
the both ends of a smoothing capacitor 5, i.e., output voltage. It falls. Here, transient mode is held even if the 
direction where a current flows changes. Stored charge flows into GND through N channel power-metal-oxide- 
semiconductor-field-effect-transistor 8b, and this is lost. 

[0056] If output voltage falls to reference voltage 71 with discharge of stored charge (time amount tU in 
drawing 7 ), control will be changed to return mode. In return mode, it is the current IL of a direct current 
reactor 4. Tuming on N channel power-metal-oxide-semiconductor-field-effect-transistor 8a is continued until it 
flows into the forward direction. In the direction discrimination decision circuit 10 of a current, it is the current 
EL of a direct current reactor 4. If it detects flowing to the forward direction ( time amount tl2 in drawing 7 ), a 
power circuit will be returned to actuation in rectification mode, i.e., a pressure-lowering chopper mold DC-DC 
converter, and it is output voltage Vout. The set point Vref of reference voltage 71 It is made to operate so that 
it may maintain. Since it does not depend on a load but the stored charge of a smoothing capacitor 5 can be 
discharged also by this approach, output voltage can be promptly brought to the set point. Moreover, also in the 
power cutoff which makes a load a idle state completely (namely, output voltage 0), fundamental actuation and 
circuit control is the same. If it finishes discharging the stored charge of a smoothing capacitor 5 and output 
voltage is set to 0, it will operate so that the condition may be held. However, by this circuit control approach, 
the stored charge which discharged is lost. 

[0057] In the above-mentioned explanation, although transient mode turned off the convention of a limiter 93, 
this invention is not restricted to this. Even freely made [ the limiter 93 / effective ], the above-mentioned circuit 
actuation is reahzable. However, since there is a period which passes and accumulates a current in a direct 
current reactor 4 from DC power supply 1 in that case periodically, unless the current accumulated in the direct 
current reactor 4 is lost to whenever [ the ], said back flow current does not flow. Therefore, time amount until it 
completes output voltage compared with the case where a convention of a limiter 93 is turned off that it is hard 
to discharge stored charge becomes long. 

[0058] Next, the case where an electrical potential difference is raised is explained. The time amount taken to 
raise output voltage is decided by time amount which charge of a smoothing capacitor 5 takes as stated 
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previously. This is the currentT^passed to a direct current reactor 4. It is decided by magnitude, i.e., the 
capacity to pass the current of DC power supply 1. Therefore, if it is made DC power supply 1 with drive 
capacity, time amount (inside of drawing 4 t2-tl) taken to raise an electrical potential difference will be made 
short. 

[0059] Furthermore, it is output voltage Vout more promptly. It can also raise to reference voltage 71. The 
circuit actuation at this time is shown in drawing 8 . When raising output voltage, as described above, a 
smoothing capacitor 5 must be charged. In the circuit of drawing 1 , it is that a smoothing capacitor 5 can be 
charged, only while N channel power-metal-oxide-semiconductor-field-effect-transistor 8a turns on. Then, also 
when reference voltage ^1 is raised ( time amount tl3 in drawing 8 ), a power circuit is first set as transient 
mode. In transient mode, a convention of the limiter 93 which is in the interior of the switching control circuit 9 
as described above is turned off. Therefore, a pulse width limit of the pulse train outputted from the switching 
control circuit 9 is removed. Therefore, in order to raise output voltage, the time amount which impresses the 
electrical-potential-difference pulse VGa between the gate sources of N channel power-metal-oxide- 
semiconductor-field-effect-transistor 8a becomes long. That is, a smoothing capacitor 5 will continue being 
charged and it can raise to reference voltage earlier than the control shown in drawing 4 . If reference voltage is 
reached ( time amount tl4 in drawing 8 ), control of a power circuit will be made into rectification mode, and it 
will retum to actuation of the usual pressure-lowering chopper mold DC-DC converter, and will maintain at the 
set point Vref of reference voltage 71. 

[0060] In the above-mentioned explanation, although transient mode turned off the convention of a limiter 93, 
this invention is not restricted to this. Even freely made [ the limiter 93 / effective ], the above-mentioned circuit 
actuation is realizable. However, there is a period which emits the current accumulated in the direct current 
reactor 4 in that case periodically, and the period is not charged by the smoothing capacitor 5 from DC power 
supply 1. Therefore, compared with the case where a convention of a limiter 93 is turned off, charge of a 
smoothing capacitor 5 takes time amount, and time amount until it completes output voltage as a result becomes 
long. 

[0061] In the example described above, by the switching control of the N channel power metal-oxide 
semiconductor field effect transistor 8a and 8b of drawing 1 , discharge of a smoothing capacitor 5 and charge 
are performed and output voltage is changed. 

[0062] (Example 4) The part equivalent to N channel power-metal-oxide-semiconductor-field-effect-transistor 
8b of drawing 1 is constituted from the pressure-lowering chopper mold DC-DC converter shown in drawing 2 
as a conventional technique by the reflux diode 3, and switching control is impossible. In this circuitry, when 
[ at which the energy excited by the direct current reactor 4 is emitted ] making it flow back at the time, a 
current flows to the reflux diode 3. However, since the reverse current of a direct current reactor 4 cannot be 
passed, the way things stand, stored charge of a smoothing capacitor 5 cannot be discharged. In this case, what 
is necessary is just to add the circuit for discharging the stored charge of a smoothing capacitor 5. Hereafter, 
circuit actuation of this example which added the discharge circuit, and circuit control are explained. 
[0063] This example is shown in drawing 10 . Drawing 10 serves as circuitry which added the discharge circuit 
1 1 for discharging the stored charge of a smoothing capacitor 5 to the pressure-lowering chopper mold DC-DC 
converter of the type shown in drawing 2 . The same notation is given to the block of drawing 1 , the same 
circuit as drawing 2 , and a function in drawing 10 . In addition, for 1 1 1, diode and 1 12 are [ N channel power 
metal-oxide semiconductor field effect transistor and 15c of a direct current reactor and 8c ] drive circuits as an 
example of 1 configuration of the discharge circuit where 1 1 discharges the stored charge of a smoothing 
capacitor 5, and the discharge circuit 1 1. A smoothing capacitor 5 is a capacitor with low internal impedance in 
the large capacity represented by the electric double layer capacitor here. 

[0064] In drawing 10 , the positive electrode of DC power supply 1 is connected to the drain of N channel 
power-metal-oxide-semiconductor-field-effect-transistor 8a, and the source of N channel power-metal-oxide- 
semiconductor-field-effect-transistor 8a is connected to one terminal of a direct current reactor 4, and the 
cathode of the reflux diode 3. Another terminal of a direct current reactor 4 is connected to the positive 
electrode of a smoothing capacitor 5. The negative electrode of DC power supply 1 is connected to the negative 
electrode of a smoothing capacitor 5, the anode of the reflux diode 3, and it. A load 6 is connected to the both 
ends of a smoothing capacitor 5. 

[0065] The positive electrode of a smoothing capacitor 5, i.e., an output, is inputted into the output voltage 
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feedback circuit 7. In the outpf^oltage feedback circuit 7, output voltage is compared with the reference 
voltage in the output voltage feedback circuit 7, and an error signal is outputted. This error signal is inputted 
into the switching control circuit 9, for example, is changed and outputted to an PWM control signal. The 
output of the switching control circuit 9 is connected to drive circuit 15a. The output of drive circuit 15a is 
connected to the gate of N channel power-metal-oxide-semiconductor-field-effect-transistor 8a. 
[0066] The positive electrode of a smoothing capacitor 5 is inputted into the direct current reactor 1 12 in the 
discharge circuit 11 again. The opposite end linked to the smoothing capacitor 5 of a direct current reactor 112 
is connected to the anode of diode 111, and the drain of N channel power- metal-oxide-semiconductor-field- 
effect-transistor 8c. The source of N channel power-metal-oxide-semiconductor-field-effect-transistor 8c is 
connected with the negative electrode of a smoothing capacitor 5. The control signal from the switching control 
circuit 9 is inputted into drive circuit 15c, the electrical-potential-difference pulse VGc between the gate sources 
is outputted, and it is impressed between the gate sources of N channel power-metal-oxide-semiconductor-field- 
effect-transistor 8c. The cathode of diode 111 is connected to DC power supply 1 as an output of the discharge 
circuit 11. 

[0067] As mentioned above, the circuitry of drawing 10 is what added the discharge circuit 1 1 to the pressure- 
lowering chopper mold DC-DC converter, the discharge circuit 1 1 is not operated at the time of a stationary, it 
is moved as a usual pressure-lowering chopper mold DC-DC converter, and it is output voltage Vout, It 
maintains at constant value. In addition, when not operating the discharge circuit 11, N channel power-metal- 
oxide-semiconductor-field-effect-transistor 8c is turned off. Since actuation of the pressure-lowering chopper 
mold DC-DC converter part at this time is the same as the conventional technique shown by drawing 2 , 
explanation is omitted. 

[0068] Next, the case where output voltage is raised is explained. As mentioned above, for raising output 
voltage, a smoothing capacitor 5 must be charged. In the circuit of drawing 10 , it is that a smoothing capacitor 
5 can be charged, only while N channel power-metal-oxide-semiconductor-field-effect-transistor 8a turns on. 
Therefore, also in this case, the discharge circuit 11 is not operated and performs the same circuit control as the 
example shown by drawing 1 . Since control of N channel power-metal-oxide-semiconductor-field-effect- 
transistor 8a at this time is the same as the circuit control mentioned above, explanation is omitted here. 
[0069] Next, the case where output voltage is lowered is explained. In drawing 1010 , since there is reflux diode 
3, a reverse current cannot be passed to a direct current reactor 4 like an example 1. When a load 6 is a light 
load, stored charge cannot be discharged, and the way things stand, output voltage cannot be lowered easily. 
Then, stored charge is discharged using the discharge circuit 11. Hereafter, circuit actuation is explained. When 
lowering an electrical potential difference, N channel power-metal-oxide-semiconductor-field-effect-transistor 
8a is turned OFF, and N channel power-metal-oxide-semiconductor-field-effect-transistor 8c of the discharge 
circuit 1 1 is turned on. the energy currently excited by the direct current reactor 4 at this time is emitted to the 
direct current reactor 1 12 of the discharge circuit 11— having — just — being alike — the stored charge of a 
smoothing capacitor 5 begins to discharge. Even if a load 6 is a light load by this, the stored charge of a 
smoothing capacitor 5 can be discharged and output voltage can be lowered. However, if it continues turning on 
N channel power-metal-oxide-semiconductor-field-effect-transistor 8c as it is, the charge which discharged will 
be grounded through N channel power-metal-oxide-semiconductor-field-effect-transistor 8c, and will be lost. 
Then, stored charge with which this example also discharges is reused. By ON / off control of MOSFET8c, the 
discharge circuit 1 1 is operated as a pressure-up chopper mold DC-DC converter. At this time, by this example 
shown in drawing 10 , N channel power-metal-oxide-semiconductor-field-effect-transistor 8c and a rectifying 
device can regard it as diode 111, and a load can regard [ DC power supply / a smoothing capacitor 5 and a 
switching element ] it as DC power supply 1. Therefore, if stored charge is stored in a direct current reactor 112 
as excitation energy and N channel power-metal-oxide-semiconductor-field-effect-transistor 8c turns it off 
while N channel power-metal-oxide-semiconductor-field-effect-transistor 8c turns on, excitation energy will be 
emitted to DC power supply 1 through diode 111. Here, if it is the dc-battery which can charge DC power 
supply 1, the above-mentioned stored charge can be revived to DC power supply 1. 

[0070] The charge which did not depend on a load 6, but discharged the stored charge of a smoothing capacitor 
5, and discharged further by circuit control of the above-mentioned discharge circuit 1 1 is revived to DC power 
supply 1. Stored charge is discharged and it is output voltage Vout. If it falls and the set point is reached, N 
channel power-metal-oxide-semiconductor-field-effect-transistor 8c will be turned off, and actuation of the 
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discharge circuit 1 1 will be retnmed to actuation of a stop and a pressure-lowering chopper mold DC-DC 
converter. A power circuit is output voltage Vout henceforth. It operates so that it may maintain at the set point. 
[0071] (Example 5) This example allotted the charge storage means, for example, a capacitor, to the two poles 
of DC power supply 1 of an example 4, as shown in drawing 11 . In drawing 1 1 , with the dc-battery which can 
charge DC power supply 1, also when there is nothing, stored charge discharge of a smoothing capacitor 5 can 
be revived to a capacitor 12 by connecting a capacitor 12 to the two poles of DC power supply 1. Circuitry 
other than this and circuit actuation are the same as that of an example 3. 

[0072] As each above example described, according to the circuitry of this invention, and the circuit control 
approach, it does not depend on a load, but discharge of the stored charge of a smoothing capacitor 5 is attained, 
and it becomes possible to change output voltage promptly to the set point. Moreover, according to the circuit 
control approach of this circuit, the discharging stored charge can be revived to charge of a dc-battery etc. 
[0073] 

[Effect of the Invention] According to this invention, the power unit which is a low ripple voltage, and does not 
depend on a load but can change output voltage promptly is realizable using a mass smoothing capacitor. 
Moreover, according to circuit control of this invention, the stored charge of a smoothing capacitor can be 
revived and efficient-ization can be attained. Moreover, compared with the juxtaposition approach of two or 
more regulators, there are few components mark of a power unit and they are effective also in the 
miniaturization of equipment. 
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>'^!7— MOS FET 2 00N/OFFjg^S:S<'rS* 

[0 0 0 6] m;^iO*ig{kSrlilS«lBgS:^ix.^fr 
^hn = ^>^ 2OOO¥3-^130-^ "Crusoe<^l& 
irfl. CPUOAiti^®(::jj;i:rffii!S«JE*5it/ibf^^ 




8 

(7)^^«Sffioma?.^a*^. ±IE(^J:5^.cCPUl^t*f 
[0 0 0 7] 

P ^ 17 — M O S F E T 2 O O N/ O F F Sr 
[0 0 0 8] ±fB^&<DU^zr iJ'EjJg^Ma^JIw-rS 

[0 0 0 9] Ld>L. :^^Sco¥ri=^ ^^7^>'1^^rfflV^S 
JilE(?:>ct 5^.^CPUlc:M^5-rstcttFp^S:dSfcSo 

[0 0 10] 2^B?«tOSM«i. i&y $/:7^/v.mJET% ;6-o 
[0011] 

[^SrAISt-rS/cJ^x^O^S] *^5^coD C~DC3V 
^^-^^*t'><C< irt 2<@co^^«:5R^i:. a«EyT^ h 

issipaESr^s^-f s#sx5i^ $-frfcS2pmflE t tay? 

®E?:JtlJLX^Sita^ffi;^"rS^gl:i:. MIE^^W 




( 6 ) 
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[0 0 12] 3)s:^?g<?:)DC-DC=i>'/<— WMM 

[00131 *^WcODC-DC = ^'•C. ¥?S^ 

[0 0 14] 

[0 0 15] (|IJS0iJl) *:^§^<^*iSWl SrEIH-^ 20 

JE^ 3 /<gil^^SS£5*D C - D C = ^ t UTS) 

hy^. 5 nW-^=^ Vr" 6 ^ft^S'. 7 
BE.'7^—V^<y^\Bi^. 8 a, 8 b (iN^-^^vW':i7 — 
MOSFET. 9 y^l^^mm^^. 1 0 lilffSSy Ti^^ 

SS. 15 a, 1 5 bJ^^WjSSS. 16(iSfelHlK. 7 1 

7 2 ji^na^teiss. 7 3jiKSii*is. 
9 iii:E^^^:i^s>-^ 2{miJS. 9 si^y ^ 5/^^ so 

fig, s^^-cfcoT. rtsp-Y ^-ti'-^^^^t. 4#ga^6 

-122511^^®, #g3¥l 1-1 5 4 6 3 O-^^^lCgg 

[0016] (Hi JC:}oV>T. iEJSmaS 1 cOoE^CiN^-r 40 
^.yUy<!7— MOSFET8 aO Kl^-O-lCgMStt. N 
^•Y'^VW'?!?— MO S F E T 8 a t7> y—:^\iMM y 

h/V4 CO— :&60^^i: N^-^^/W^ S F E T 8 

?t=i 5 (O^mt N^-r^vU/<!7— MO S F E T 

[0 0 17] 5pjt3><7^>i^5 0ESli£tl:^®E:7-f — 
hv<:y^IsIS&7<0rt$P«Cfc5^^Sl^lHlK7 2(CA:*3 SO 
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nSo S2i®E7 1 t^llSI»[Hl5g7 2JcA:/J$tu5o 

7 2coffi;^;55^^±gi|ii§g7 3{cA;^$ti.. ^^ii4®S7 
3 <?:)ai;bfittS:^ai£:7 h' — hv^ s/ ESS 7 <Da3;'3 1 b 

T. y^^yf^^'^K^iajseortsst-foay ^s'^'g 3 

Jc^^$ft5o y ^s/^'9 3 0tB;^^iW:S8S9 2co-*• 
<7)A::^(cS»^^^^. E.^&^^^^9\(o\^tih)mm 
9 2<ot 9-:&iOA;^<-S^SixSo ittS5S9 2cotll;^ 

a*5j:t/se[HlS&l 6lcg^$tt5o SeiElKl 6<om 
igffijlHlSS 15b j;ig)ig$n^o mW)^^ 1 5 a 

tti;^JiN5^^-t-/W'?r7— MO S F ET 8 a (Oy— hfc, 
IgaiHlK 15b <Offi;^J«:N^^^y^^'?'7— MO S F E T 

8b<^>y-M-^tt-?ixSigc$tt^o ii:«£yT^ 
h>ri.4 comse<o[p]# ^fffiS'Jt-'5m«ft:*'i^sss'Ji£iK 100 

>^>t's/^>'^/»J^»IHlSS9^;lS^S^^TV^6p 
[0 0 18] *-r> S2pmffi7 1 365fe5H:^fflv„j (c: 

IftW-rSo la 1 i;::i3«'^T. ^»=>'7'>'1^5<oWffi<o® 
EE-C*>5ffl;^mJEV^„^ J^. UJ;^mJE:7-< — hv^^y^EI 

ie&7jcA;f3Stv. S2paaE7 1 t(Dmt^^mm»^^7 
m^-t^o mm^f\^ti^mmj^\t. y^^y^9 3*iib 

[0 0 19] y ^ 9 3(Dai;^fl. H:ft2ffi^^#S9 
itomtititei^in. )tfgim9 2ib>iby<^i-:!^9^1tti:oX 

lEiss 1 5 a {zT^tf^f^^. m 3 {CTjk-r^— h • y—:^mm. 

S,^</UP^VG &ti^ltit)^H. N^i--t-yw<l7— MOS F 

ET 8 a oy— h - y— ;^ratwHi*p$ix^c wO^nv^;^ 

JiJ^OJSffifiili. N^-V't-/^>''^!7"-MOSFET8 aO;^ 

•y^^yW<r7-MO S F ET 8 a f^>'^»lf^f 
So *fc. it«iS9 2<OUJ;^3lil^^(CStelHlKl 6»cA 

itl!iS9 2(^^<yv::^?iJ$rSeb}tfi-^;i5|gijf,[pi 

ssi sb{z7^t)^ii. m3\c7jk'rxo^j:. y—h-y— 

7. fUmSi^^J^:^ Y^^t^lhti $ N ^ ^yW^-? !7 — MOSF 
[0 0 2 0] Nf^-^^>'W':r7— MOS FET8 a tcy— 

MOSFET8 ai5:^>'L. — N^^^>/^>'"«I7— M 
OSFET8 b«i:*-7-t-So ClOt^. SSSS® 1 i: SS 
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— MO S F E T 8 a 36S:;f >- N^^r-Jf^yU^^^!?— MO S 
FETab«::^7Lfc*t^®^;l*3V^T. iSiffEj; h/W4 

d Il/ci t = (yi„-v^„,) /L 
-To mSSlt tOfRi^tt. lill^c:t5l^■CESEyT^ h/W4 

1^5Sr^®•rSo w^O^. N5^-^-t^yW':i7— MOS EE 10 
T 8 b(D«^ra«EVDsliiaJfA;^SiEVi„t^b< * 

So 

[00 2 2] N^^^>'W<!7 — MO S F E T 8 a 

d iL/d t =~ (V^„^) /L 
i-3fct>*>. mM))r^ hyW4^8ffitt5S8KlL 

(2) SS«Cj3^-t-«#-Cj^d/^-rSo r(7)^N^^^/W<r7 
— MOS FET8 b^?:) K W X^UffiVj^ri 0 V^^ b N 
f^^^/W<I7— MO.S F E T 8 b Oj^^'SBE^. f^^Ct? 

w<O^J?:ibT. Nf^-r^->'l-^'^!7— MOSFET8 bO 20 

-MPSFET8 bO«E«?gVDsS:5F?t-rSi 
ffli^l^, aj;^mBEV^„, ?r-^(;:i»"^. ;ei>offi:^mS£ I 

T*#5 J: 5«-bTtfi:V>b. ^Mig»lEl^S7 2Jc:S?rlBa3 

L<<:v^sijo(Hiss. CPU, nji^mwi<o \ o^t^hwc& 

[0 0 2 51 tt5;^mi£^±tf S»wf^. S2pmEE7ioiS: 

ti mil. m;^mJE:7>f- hv<5/i5'[HlSS7T'^^mJE:65 
^lHlSS7;6^p>ffi;;^-r5o :i^oit'fi^tbfc^S®EJl^-i' 
?|Jt/<^oTtB;^$i^eo ^^mjEo^i&li. ltKS9 2 
?*Sn2)o ±iSm:^5iXit>'^/^^2?iJlilE»3lHlSSl 5 alc 
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^fftixSliSft I LttJJ:*f-^1"M# d I l/ d t -CiiJD-r 
[002 11 

- (1) 

MOSFET8 adS:?^:7-f -5;&S. l^^lllN^^^^^^/W/'?!? 
-MOSFET8 b255|g:JiSbf^LT7f->-t-5o iSSSyT 
>7 hyi-4fcg5tLTV>)tmiJft II {:iN^ir^>'W<7— MO 
SFETS b<oy— Kl^-<:^:frlfi]J-SKiX'5l^fflS 

[0 0 2 3] 

(2) 

^VcB^^tiitf ^tls N^-\'^/W':i7-MOSFET8 a 

[0 0 2 6] Jtgi§ff9 2(Dmtsiiim^\zRmjm^ 

1 6(c:A;f3Stb. Jtt!!!S9 2(0/^/u>^?iJS:SeL-fcft-g- 
N?-^4^/W^l7— MOSFET8 bOy— h • 

[0 0 2 7] N^-\'^/W':i7— MOSFET8 alC-^— 

MOSFET8 a;5S;?h>'b. — N^-^^vW-?;?— M 
OSFET8 bJ^;^:7i-^„ ii:2SS®li:i£ 
.ma^T^^hjuA .„-^?t=i 5 3&5ii:yiJt::Si^$ix... . 

ttiS y r ^ h/u 4 l^imift 1 1 Ji^Sctt^^S^^ >'7^>-9- 5 S: 

[0 0 2 8] N5^^4^/W^»7— MOSFET8 a<oy-- 

h • y->^ra®Edso(c3iofc^#. N5^-ir-*yW'?i7— 
MOSFET8 a;65;jf-:7i-5;5^ |^^(CN^ir^->'W<r7 
— MOSFET8 bd2^=g4ili!}f^b-C;^>"r5o ESEyT 
^ ^/^4i;lgSi^Xv^yhm^£IL liN^^:!i/w<!7-M6 
SFET8 bOy— ;^^^e> Kl^^i^*'I^»w8£ix5l^»8S 
gfi255fl^h>n5o N^-^^^/W<!7— MOSFET8 b(OK 
W >(0®E Vusti 0 V t N ^ ^-^Wn !7 —MO S F 

E T 8 b o::^>'mjE5>. . t-Jifc^:r>-sst t assmstto 

^/Px-?!?— MOSFET8 b (Offi^SmJEVpsJ-J^Iil 4 

3>X>-y-5ft. ;iON^'r^i'^>'^!7— MOS FET8 

[0 0 2 91 :z<D^. Y • y-:^FBl®E^</u>^Vc3 
(OvNVu;^<g;&Sj[2:755o T V fc*, N^-r^^/W-t 7-MO 
SFET8 a;^S:<^VLXV^5^rp^;^5g</^So $foT. 



13 

•Y^Ji^^<^ — MOSFETSb it l^iT ^^f^\t^<fii^iz,}h. 
N^'Y^>'W'?17— MO S F E T 8 b <7:>IIJEJK?^Vjjsli, 

OSFET8 bOSlEjKJKVDsS:. HStty t 

i:<cti. tB:^?affiV„„^ Sr-SlcH**>. ;5*oai:t>«SE I 
[0 0 3 01 ffl;t^mJ3E«rT*f ^^ig-^rltt^^t-So 

;6^ai;b$n. Nf'-^'^yW'?!?— MOSFET8 aoy— 

[0 0 3 11 Jttsiss 2(o\^:h\tmmz,Rmu^ 
t^mw^m^ 15b tcA;^ $tt5o igi&[Hjss x^ht^hm 

ti^fy^. Nf=--\-^yW<»7— MOSFET8 bOy— b • 

[0 0 3 2] N^^'^/^>"^!7— MOSFET8 a«::y— 

MOSFET8 a;d5:^VL. — Nf^^^/W<17— M 
OSFET8 bli:^:7-r^o iffJSmaS 1 i: it 

10 0 3 31 y-h • y-;^rpimJEVGa365 0*;::?fcofcfc 

f=--y;^^/W'?*7— MO S F E T 8 b ;d5^a?tiftf^L'T;^i^-f 

5o ^WJT^ ^yw4{;l^s^^Tv^7tmssIt ttN?--^^- 

MOSFET8 bOy— V\^^>'^^\^ 
SSix5l^»SSS^5fTi:>n^o N^^^^/w-c^-MOS F 
E T 8 b <^ K i^-Y VComiE Vpstt OVt^h 
!7— MOSFETSbiT^^vmjE^. i-/jrt?*,:^>}g:gti:aSSm 
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f^^^^yw-?!?— MOS FET8 b (Offi^rp^mJEVustwft 

¥rt=3>'7^>'1^5^:i. -<?5N^^r^^W<57— MOSFE 
T8 bOffiJE^6?gVDsS:^»U•CV^5o 
[0 0 3 4 1 roNp. h • y-^^FpimjE^'-Vu^VGe 

SFET8 a;6S;^>'L-CV^^»B#ra;6SS<^fc5o SfoT. 

^ ^ V — MOSFET8b;65;t V-t"^ <^J:^tc 
10 i!!). N^-t^>'W'?!7— MOS FET 8 b 0®Effi?i^Vi^ 

-MOSFET8 btO«EE«E?^VDsSr. iHiSyr^h/^ 

4 1 w-r^ V't' >'1^ 5 x^^it \^fch(ofi> tht)Xh 9 > 

„f Jc/irS^-e (ElS^f . mm t4) iSI9 3g$3x5p ^ 
Xi-offi;^ma£ I out Sr5Si*-r^».t5J-®if^i-6o 

[0 0 3 5] «jije'<ircJ:5Jw. mmmE7 Kos^mm 

fcff Ui/ ^ iS' C P J: 5 lc«i!S«E<OK:^Sr*ffl** 

[0 0 3 61 it#{cSESrTJf S^^Ji. qz^tnz/T^ix-t^ 
30 5 icSH $ n7t.^^/jr«igf S:»S.!L.Jfg^«ttbJf /j^ ei&]r^<..«^ 

3}z;^t='>'7^>'i^5CDsam?^«rffl;^m^£^uT^Ng 

h(Ohh^o wpUfc®^. ffi:^aSfEiout 
[0 0 3 71 — ffij^UffiSriif^S^tt^^^^T^ 

/U4 {cmi-mM I L <oi^^^. •f/jtto'begfcmM i <om 

iffiS:»ti-fig:t? *c J: o -C^* 5 1 V ^o T^v \ 
[0 0 3 8] jeJ^±(D.^.^%ii:L. *^J£«?iJTMt:^SS<7:> 
¥^&='>'7^>'1^5S:^^^fc»'g"tct. a-^;5i^t-gfrSOl| 
50 lEffiJcai;^imffSr^x.Sfc«)<^5lsI8S$8iaSrfi^oTV>5o 
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10 0 3 9] *-f. ®E^Ttf ^^^$rSi?qt-5o 
[O 0 4 01 S2pmBE7 1 ^Tiffc^r^l tg {cifoVNT. 

W;^®E:7^— hv^';/:^^lHlSS7;&>^ffl:t?i-^o 20 
fc^y :^5/^9 3J-A:^$ix5„ y 5:5^^9 3«:PWM 

[004 1] iffi^HSiEfi. HAJ6«it^S9 1 <^H1 
/i^^tIi::Se*^ix^o ±tdy<y^^l?mmW}^&i 5 a 

^VQ^t>^m:h^tl. N^•t^»'^>'^'y-M0SFET8aCOy— h 
mzRm^^ 1 6 tcA^J Jt^lg 9 2 <Oy<j\^:^mi: 

15b ^-hm 5 {c^i-j: 5 ^cf. h ' y-^rmimffi^'^' 

b coy— h • y-;^Ppl{c^*g^?ix5o 
[0 0 4 2] g&5gbfcJ:pfcm>jliJESr±lf$lcfi«JE 

O S F E T 8 b (D^— h • y — ;^ra*-®E^</l';^ Vcbi&^ 

[00 4 31 ItrlS (1) . (2) ^tC;^-rJ:5lC. 
-^-^i/U^-^^— MOSFET8 a, B h<0:^l^/:i'y\^i 50 
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5o N5^-^^>'U^<l7-MOSFET8 b;d5;^->UTV^S 
KSf. iSatyTt^^ hyu4*'SEtt5ffi«ElL (2) 

MOSFET8 b;6S:?^>'Lg£^t5^:. Sc^twmgSlL*^ 

mSfc:;i^(p]S3^»JlHlSS 1 OJl. S8SyT:J^ hyu4SriSix 
[0 0 4 4] tr^-e. ±i5ttiEyzj;' hyi-4^astt5 

is. «yx.tf4*§3¥l 1-2 3 502 2-g^»JC|a«$ix 

[0 04 5] *Jl^s0y■etta^j^I^i]^c^gj^s®8K i l st^ 

**-eilN^^^yW^I7— MO S F E T 8 b ^rfi- LTgE 

[0 0 4 6] m<Sr?i^#^- KTMi. iEggyr^h/^4 

N^-V^t^/l-^"^!?— MOS FET8 a. Bhi::tl^/:^y 

5, 5/^>'i/^-?;65N^^^yU^<!7— MOS FET 
8 b, SgS^^iSN^^-^^yU^-?!?— MOSFETSa, 

17 -MP S F E T 8 b p^^l^ LT V ^ 5 P^liCiEgE 

y h/i-4«cS!i?KJ^4^yW:¥— ir UTBrAfciT'^ Nf=-^ 
^./uXr7— MOSFET8 a;5S:^>i-5t. N^-t^/^ 
z-?!?— MO S F ET 8 a S:^ LTS!iK^^/l-¥— ;65ii[Sfc 
ffi^!gl^cfeai$J^^^o ^r-c. ii:SfES8Sids=fis«pi«g* 

[0 0 4 7] ±UM^Umz J: 9 . A?t 6 left b-f 



17 

mEEV^^^ r^Ti)-^. SpmJE 7 1 i^aii-^ (1116 ^ 

100481 «j»^-K-eii. KigyTij^ hyi-4oess 

ET 8 a $:;r>'(Nf^-\^^^/^/<!7-MOS FET8 b *i 

mttm&^out trmmm^? i<D^mmv 

[004 91 A??f?:^±J^f^ittt^t;ii-5m;tFS 
»f<7):^^ {T^j:t>'^. m:hmE.O) tS*Wiiif^. 0!^ 

1 0 0 5 0 1 ±um^m 1 coift?sT*»^. sas^Sf^^»m 

10 0 5 11 (*JSey2) lll9tC*^JS0aSr^-ro 1119 
n-^irHm bTV^;5o 0 9 tCjoV^T. 1 2 1^=3 

[0 0 5 21 iggtdj^l^T. 3>'7^>'1M 2S:KJt5r 

t>(bT^j:\f''<r>x% umn^^-r^. mMm2'cti. Scsu 

[00531 mH&m 3 ) ±IB3IJ&0iJ 1 T'lt. HJEStT 
{f '5:©'&IC4 0(0^-K^<5&fflbfc;i^ glSmi^<^WJ 40 

Sria 7 Jc^-Tp SipmJEE 7 i SrT»f b (Mr^ 
[0 0 5 4] miiBLfci9iwUl:^eiES:±*f5lcli®E 50 
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<<c5)o *:^3S^miy 5 s/^ 9 3^:5^:7L■Cl^5fc 

¥^&='>'7^>^1^5 05sa®?t^^^^^m"ct 

S:TJf5fc«)N^-^^-yW<r7— MOSFET8 b<oy— 

[005 51 (1) . (2) ^«C^-t-<t P J^. 

^4;/Uy<!7— MOSFET8 a. 8 b <^>;*-:^/:^:7(c J: 
^xm^VT^ h/U4SrgEnsmSSlL »^iiJ*"t-5o N 
f^-t4^/W<I7— MOSFET8 b ;6i;^->' bTV^^8#, Bl 
iffiyr^ hyw4*2EjxSS8SlL (2) sSt-^Ufc 
^St-ej^^i-^o El7 0<t pfCN^'t'=^>'^^'^!7— MOS 
FET8 b:d5:;^->'Ujg£tt5^. ^Sfe^JcmSfi I ^ flj^ii^ b 

TO (0 7 4* ^r^ltio) tw/j:!?. ov^^wl;±ig:S•^S]^c^{E 
mtc-^v^. 5pyt=I>'^>'i^5^^M^g^o®E> i-nci^-^aj 

y^»7— MOS FET 8 bSr^bXGNDJilggni^^. - 
10 0 5 61 gaS?8f<3:5iftS«-i: 1>^<C»'\ Sipmff 7 1 

!7.T7-.MO..S,F-^ T 8.a-Sryt;^b3^fl$« .Jl.ii;S:!sllH^!JM 

!«ioT. assyr^ h/^4oii«£iL :&^WM:^fp]t-8sn 

gg^-K. i-Tito-b^JE^ 3 y^^"SDC -DC 

Tb'-X'^^tiib. A^fi-\z.^^mt.xm:hm&^mox\^^ 

tfi&m(Dm'^ (i-^J:t^h. IhttMEEO) t>S:*:6^ibm 
tkn.L^K.xmtimMii*^0\zfj:^tz<o^ ^(D^m^^W 

[0 0 5 7] ±ISIjiP^T'»^. i§jg^-KJiy ^5/^5^9 3 

fi»mT*#^o fcyt'L. '?:<^:)®-&ii:sEy Ti5^ h>'U4(c:ii: 
m.muifi-hmmi:^\^xwm-r^mmr-mm6^\zh^ 
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[0 0 5 8] ^J:JcmJES:±»f5®^SrBi?«i-5o {lJ:tim 

[0 0 5 91 Sb^d. J:!9 3S^;ii-t::ffl;^®EV„„, SrS 

[HlgST'fi. 3p?&=i>'7^>^i^5lc:3fE®"e#2>o*iN^-Y^- 
yw<!7— MOSFET8 a d^J^-^^ L.TV^6ra^^:•t•C^> 

iaffi^--K-eti. ttim\^tL^oic:^-{ >y^>^mmiB\^ 
Ji).. Nf^^^>'^>'"^l7— MOS F ET 8 a CO^— h • 

t>*>3^Iyt=^>'x^^1^5^c^mug!^t^^t^-<^l:J. 1^4 

[0 0 6 01 ilStfti^T'^io-aiS^^ Kf^y ^^.^J^ 9 3 

[ 0 0 6 1 1 £Jl±^-<fc0»J'C'«l. m 1 i^N^^^^/WN-y 
— MOSFET8a. B h <D:^>( ry^^^^^^^^^^o 

[0 0 6 2] (IIJ£0iJ4) ?¥3l5fit*fft UTE12«C7jxL)t 

^:t-yU/N- I7-MO S F E T 8 b ^-r5a5$^;65S«S^^ 
>f ;j— K3-e«^S?nT*5 9. J^^'f y^^^^»JWT'# 

alSE^-r;i— K3tcmi£;&^8£n6o b;ei*L. \jB.mDr^ 
^y^4(^^i^j&fSlS^ES^iffi•^-wi:tt?#3i:v^^^-e, r:<D* 
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•iT'{i2pjt=3>'xVi^5 0Sam^t5:»^"Ct^<tV\ w 

[0 0 6 3] 2^||j6£MSrEl 1 0 tc^fo H 1 Q Ji. 02 
\Z7f: Lft:^ yoi^JEf^ 3 ^/^-^SfD C - D C = 

s|i?t=:^7">'i^5<osaSi^Sr*ScSi-5;t*o»« 

.5oSSIS?SfSrSc®r5»ffilHlK. */hJft®lHiai 1 0 
— «^^Jt bT. Ill \X^-<^— K. 112 {iiSJfiy 
h/K 8 c liN^^^^'W'?!?— MOSFET, 1 5 c ttS 

EblHlK't^foSo :ic"e^yt=»>'7^>'-y-5tt. S^— fig 

[0 064] mo tCioV>T. MMMMl <^jE®*iN^ 
MOS F ET 8 a (O K W 
N^-^^/W-Cr?— MOSFET8 a COV— -XliSiJS y T 

[0 0 6 5] sptfaV'T^vi^SOjEffi. 'i-f^t>^^ti 

®E>^^ — hv^iy^[HiK7-c{i. mtin&t\^f)n&y 

5o ^y^l^i^mmm^9(Omti\^^ lESllHlSSl 5 a 
(cggE^ix^o lESbiaSSl 5 aOffij^JiN^^^yw^-?!? 
—MO S F E T 8 a (O^— V iC^j^^FtLSo 
[0 0 6 6] 5pyg3>^7^vy-5tDiE^f^. ^fc;a®iHis& 
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